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Description 

The present invention relates to a process for forming addition polymerization catalysts. More particularly the 
present invention relates to such a process that utilizes low cost oxidizing agents to raise the oxidation state of transition 

5 metal cations in metal coordination complexes that are useful for addition polymerization catalysts. 

Numerous metal coordination complexes are known In the art. Especially useful are transition metal complexes 
including such complexes involving cyciopentadienyt and substituted cyclopentadienyt groups. Often such complexes 
are used in combination with an aluminum compound such as an aluminoxane to form catalytically active systems. 
Such complexes may be prepared by forming an initial complex wherein the metal cation Is of a valence that is one less 

10 than tiiat desired In tiie ultimate complex and oxidizing the metal to a higher valence using oxidizing agents such as sil- 
ver or lead compounds. DIsadvantageousiy however this procedure generates an undesirable heavy metal contami- 
nated waste stream that must be disposed of. Thus it would be desirable if there were provided an oxidizing process for 
preparing transition metal complexes that does not generate heavy metal byproducts. 

The present process Is especially useful in preparing metal coordination complexes wherein the metal is bound to 

IS a delocalized substituted 7c-bonded moiety in a manner so as to induce a oonsbfained geometry about the metal. Pref- 
erably the metal is bound to a cydopentadienyl, substituted cyclopentadienyl or similar group by both a ri^-bond and a 
bridging linkage including otiner Itgands of tiie metal. The complexes also preferably include metals having useful cata- 
lytic properties. Such complexes are disclosed in EP-A-41 6,81 5 published March 13, 1991. Cationic derivatives of such 
complexes are disclosed in EP-A-41 8.044 published March 20, 1991 . 

so In the above EP-A-41 6 81 5. metal complexes in the ^4 oxidation state are prepared from lower oxidation state pre- 
cursors using noninterfering oxidants exemplified by AgCI. In lnorg.Chim.Acta, 180(2). 153-160 (1991), carbon tetra- 
chloride was used to oxidize ring phosphine substituted biscydopentadienyltitanium chloride to the corresponding 
dichloride complex. 

According to the present invention tiiere is provided a process for preparing metal coordination complexes corre- 
25 spending to the formula: 




\ 

(X)n 



35 wherein: 

M Is a metal of Group 4 or the Lanthanide Series of the Periodic Table of the Elements; 
Cp* is a substituted cyclopentadienyl group bound in an bonding mode to M; 

40 

Z is a moiety comprising boron, or a member of Group 14 of tiie Periodic Table of tiie Elements, and optionally sul- 
fur or oxygen, said moiety having up to 20 non-hydrogen atoms, and optionally Cp* and Z together form a fused 
ring system; 

45 X independentiy each occurrence is an anionic ligand group having up to 30 non-hydrogen atoms; 
n is 1 or 2 depending on tiie valence of M; and 

Y Is an anionte ligand group bonded to Z and M comprising nitrogen, phosphorus, oxygen or sulfur and having up 
so to 20 non-hydrogen atoms: optionally Y and Z together form a fused ring system comprising the steps of: 

A) contacting a metal compound of tiie formula MXn+i or a coordinated adduct thereof with a dianionic salt 
compound corresponding to the fonnuta: 

SS (L«)y(Cp*-Z-Y)-2 (II) 

or 

((L)n*'^)y(Cp--Z-Y)-^ (IID: 
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wherein: 

L is a metal of Group 1 or 2 of the Periodic Table of the Elements, 
X" is bromo, chloro or lodo, 
5 X and y are either 1 or 2 and the product of x and y equals 2. and 

M. X, Cp*, Z, and Y are as previously defined; 

B) contacting the resulting conrplex with an organic halide selected from the group consisting of methyl chlo- 
ride, methylene chloride, chloroform, 1.1,1-trichloroethane, tetrachloroethylene, 1-chloropropane. 1-chloro- 

10 decane. benzylchloride and chlorobenzene under reaction conditions suilable to raise the oxidation state of the 

metal and incorporate only the halogen ligand of the organic halide into the complex; and 

C) recovering the resulting product 

IS By use of the term "delocalized ic-bonded moiety" is meant an unsaturated organic moiety, such as those compris- 
ing aromatic, ethylenic or acetylenic functionality, wherein the n-electrons thereof are donated to the metal to form a 
bond. Examples include alkene-. alkenyl-. alkyne-, alkynyt-. atlyl-. polyene-, and polyenyl- nK)ieties as well as unsatu- 
rated cyclic systems. 

By use of the term "constrained geometry" herein is meant that the metal atom is forced to greater exposure of the 

20 active metal site because of one or more sut)strtuents on the substituted cycfopentadienyl group that form an extended 
structure which is ultimately covalentiy bonded to the metal atom. It is understood that each respective bond between 
the metal atom and the constituent atoms of the substituted cydopentadienyl group need not be equivalent. That is, the 
metal may be symmetrically or unsymmetrically n-bound to the n-bonded moiety. It is also understood that suitable sub- 
stituted cydopentadienyl groups also indude multi-ring systems such as indenyt and fluorenyl groups 

25 The geometry of the active metal site is further defined as follows. The centroid of tiie ii4x)nded moiety may be 
defined as the average of the respective X, Y, and Z coordinates of the atomic centers forming tf^ n-bonded moiety. 
The angle. Q. formed at the metal center between the centroid of the n-bonded moiety and each other ligand of tiie 
metal complex may be easily calculated by standard single aystal, X-ray cGffraction technques. Each of these angles 
may increase or decrease depending on the mol^ular structure of tiie constrained geometry metal complex. Those 

30 complexes wherein one or more of the angles. 0, is less than in a similar, comparative complex differing only in ttie feet 
that tiie oonstrain-indudng substituent is replaced by hydrogen have constrained geometry for purposes of the present 
invention. Preferably, one or more of the above angles, ®, decrease by at least 5 percent more preferably 7.5 percent 
compared to tiie conrtparative corrplex. Highly preferably, the average value of all bond angles, 0, is also less than in 
the comparative complex. Most preferably the metal coordination corrplex having constrained geometry is in tiie form 

35 of a ring structure, that is, tiie consti-ain-inducing substituent is part of a ring system which indudes the metal. 

Preferably, monocyclopentadienyl metal coordination complexes according to the present invention have con- 
strained geometry such that tiie smallest angle. 0. is less tiian 115"". more preferably less tiian 1 lO"". most preferably 
less than 105^ 

The term "activating cocatalysf as used herein refers to a secondary component of the catalyst able to cause tiie 
40 metal-containing complex to become effective as an addition polymerization catalyst or alternatively to balance tiie ionic 
charge of a catalytically activated spedes. Examples of the foregoing activating cocatalysts for use herein include alu- 
minum compounds oontairting an AI-0 bond such as the alkylalunnnoxanes, espedally methylaluminoxane; aluminum 
alkyts; aluminum halkJes; aluminum alkylhalides; Lewis adds; ammonium salts; and mixtures of the foregoing. 

Particular techniques for tiie preparation of alumincxane type compounds are dsdosed in US-A-4.542.1 19 and 
45 US-A-5,01 5,749, tiie latter publication disclosing the use of a regeneratable water-containing substance such as 
hydrated alumina, silica, or other substance. 

"Addition pdymerizable monomers" indude. for example, ettiylenically unsaturated monomers, acetylenic com- 
pounds, conjugate or nonconjugated dienes. polyenes, and cart>on monoxide. Preferred monomers include tiie C2-10 
a-d^ins e^edally etiiylene. propylene, isobutylene. 1-butene. l-hexene, 4-metfTyl-1-pent^e. and 1 -octane. Other 
50 prefen'ed monom^s indude styrene, halo- or alkyi substituted styrene, vinyl chloride, aaylonitrile. methylmetiiacrylate. 
tetrafluoroethylene, methacrylonitrile. vinylidene chloride, vinylb^ocydobutane, and 1,4-hexadiene. 

As us^ herein all reference to tiie Periodc Table of tiie Elements and Groups thereof shall be to the version of tiie 
Table published by the Handbook of Chemistry and Physk^s. CRC Press, 1987. utilizing the lUPAC system for naming 
groups. 

55 Preferred metal coordination complexes are Group 4 or Lanthanide based complexes. Further preferr^ complexes 
are tiiose comprising a delocalized ri^-bonded groi^ which is a substituted cydopentadienyl group forming a ring struc- 
ture witti tiie metal atom. Prefen^^ delocalized ic-bonded moieties are substituted cydopentadienyl-, indenyl-, and f lu- 
or&iyl groups, and ^tturated derivatives ttiereof which form a ring structure witti tiie metal atom. Each carbcxi atom in 
the substituted cydopentadienyl radteal (other tiian the cart}on atom fbrnrdng the ring structure with M) may be unsuk>- 
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stituted or substituted with the same or a different radical selected from the groif) consisting of hydrocarbyl radicals, 
sut)stituted-hydrocarbyl racficals wherein one or more hydrogen atonts are replaced by halogen atoms, and hydrocar- 
byl-sut>stituted metalloid radicals wherein the metalloid Is selected from Group 14 of the Periodic Table of the Elements. 
In addition, two or more such substituents may together form a fused ring system. Suitable hydrocarbyl and substituted- 

5 hydrocaibyl radicals which may be substituted fbr at least one hydrogen atom In the cyclopentadienyl radical, will con- 
tain from 1 to 20 carbon atoms and include straight and branched alkyi radicals, cydic hydrocartx>n radicals, alkyl-sub- 
stituted cyclic hydrocarbon radicals, aromatic radicals and alkyl-substituted aromatic radicals. Suitable organometalloid 
radicals include mono-, di- and trisubstituted organometalloid radicals of Group 14 elements wherein each of the hydro- 
carbyl groups contains from 1 to 20 cartx>n atoms. More particularly, suitable organometalloid radicals include trimeth- 

10 ylsilyl, triethylsilyl, ethyldimethylsilyl, methyldiethylsilyl, phenyldimethylsilyl. methyldiphenylsilyt, triphenylsilyl, 
triphenylgermyl and trimethylgermyl. 

In the previously disclosed Formula I, suitable anionic ligand groups, X, are illustratively selected from tiie group 
consisting of hydride, halo, alKyl. silyl, germyl. aryl, amide, aryloxy. alkoxy, phosphide, sulfide, aceyl. pseudo halides 
such as cyanide, azide, and acetylacetonate, or a combination thereof. 

IS A highly preferred metal coordination complex corresponds to the formula: 



20 




wherein 

30 R' each occurrence is independently selected from the group consisting of hydrogen, alkyl. aryl, silyl. germyl, 
cyano, halo and combinations thereof having up to 20 non-hydrogen atoms, or two or more R' groups togetiier form 
a ring system; 

X each occurrence independently is selected from the group consisting of hydride, halo. alkyI, aryl, silyl. germyl. 
35 arylQxy, alkoxy, amide, siloxy, and combinations thereof having up to 20 non-hydrogen atoms; 

Yls -0-. -S-, -NR*-. -PR*-, 

M is as previously defined; and 

40 

Z is SiR*2. CR*2, SiR*2SiR*2. CR*2CR*2» CR*=CR*. CR*2SiR*2. GeR*2. BR*, or BR*2; wherein, 

R* each occurrence is independentiy each occurrence selected from the group consisting of hydrogen, and 
alkyI, aryl, silyl, halogenated alkyl. halogenated aryl groips, and mixtures thereof, having up to 20 non-hydro- 
45 gen atoms, or two or more R* groups from Y, Z. or both Y and Z togetiier fomi a fused ring system. 

It should k>e noted that whereas formula I and the following formulas indicate a cyclic structure fbr the catalysts, 
when Y is a neutral two electron donor ligand, the bond between M and Y is more accurately refen-ed to as a coordinate- 
covalent bond. Also, it shouki be noted that the complex may exist as a dimer or higher oligomer. 
so Furttier preferably, at least one of R', Z, or R* is an elect-on donating moiety. Thus, highly preferably Y is a nitrogen 
or phosphorus containing group corresponding to the formula -N(R"")- or -PCR"")-, wherein R"" is Ci.io alkyl or aryl, tfiat 
is, an amido or phosphido group. 

Most highly preferred oonplex compounds are amidosilane- or amidoalkanediyl- compounds con^esponding to ttie 
formula: 

ss 
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wherein: 

M is titanium, zirconium or hafnium, bound in an T^^-bonding mode to the cydopentadienyl group: 
R' each occurrence is independently selected from the group consisting of hydrogen, silyl. alkyi, aryl and combina- 
tions thereof having up to 10 cartx>n or silicon atoms: 
E is silicon or cartx)n: 

X independently each occurrence is hydride, halo, alkyt. aryl, aryloxy or alkoxy of up to 10 carbons: and 
m Is 1 or 2. 

Most prefenred complexes are titanium or zirconium complexes. 

Examples of the above most highly preferred metal coordination compounds include compounds wherein the R' on 
the amido group is methyl, ethyl, propyl, butyl, pentyl, hexyl, (including isomers), norbornyl. benzyl, or phenyl: R' on the 
cyclopentadienyl group independency each occunrence is hydrogen, methyl, ethyl, propyl, butyl, pentyl, hexyl, (includ- 
ing isomers), nortxxnyl, benzyl, or phenyl: and X Independently each occun-ence is chloro. bromo. ioda methyl, ethyl, 
propyl, butyl, pentyl, hexyl. Oncluding isomers), norisomyl, benzyl, or phenyl. 

Specific compounds include: (tert-butylamido)dimethyl(tetramethyl-Ti^-cyclopentadienyl)silanetitanium dichloride. 
(tert-butylamido)dimethyl(tetramethyl-ii^-cyclopentadienyl)silanezirconium dichloride, {tert-butyIamido)dlmethyl(-n^- 
cyclopentadienyQsilanetrtanium dichloride, (tert-butylamldo}dimethyl(tetramethyl-T)^-cyclopentadienyOsilanetitanium 
dimethyl, (tert-butylamido)(tetramethyl-fi^>cyclopentadienyi)-1 ,2-ethanediylzirconium dichloride, (tert-butyfa- 
mido)(tetramethyl-Ti^-cyclopentadienyl)-1 ,2-ethanediyftitanlum dichloride. (methylamido)(tetramethyl^^-cyclopentadi- 
enyl)-1 ,2-ethanediylzirconium dichloride, (methylamido)(tetramethyl-Ti^-cyclopentadienyl)-1 ,2-ethanediyltitanium 
dichloride, (ethylamido)(tetramethyt-i)^-cyclopentadienyf)-m6thy1enetitanium dichloro. (tert-butylamido)diben- 
zyl(tetramethyl-Ti^-cyclopentadienyOsilanezirconium dibenzyl, {benzylamido)dimethyl(lndenyl)sllanetltanium dichloride, 
and (phenylphosphido)dimethyl(tetramethyl-ii^-cyclopentadienyl)silanezirconium dibenzyl. 

The complexes are prepared by contacting the metal reactant and a group I metal derivative or Grignard derivative 
of the delocailzed 7E-bonding nraiety in a solvent and separating the sah byproduct. Suitable solvents for use in prepar- 
ing the metal complexes are aliphatic or aromatic liquids such as cyclohexane. methylcyclohexane. pentane. hexane, 
heptane, tetrahydrofuran, diethyl ether, benzene, toluene, xylene, ethylbenzene and mixtures thereof. 

An organic halide is then employed to raise the oxidation state of the metal in the complex. The oxidation is accom- 
plished merely by contacting the complex and organic halide, optionally in the presence of a solvent. Preferred are the 
use of inert solvents, particularly tetrahydrofuran, and temperatures from -90 to 1 50°C, preferably 0 to 1 0O^'C, more pre- 
fenrably25to60<>C. 

Numerous organic halides may be used for the oxidation according to the present invention. Examples include 
methyl chloride, methylene chloride, chloroform, 1,1,1-trichloroethane, tetrachioroethytene. 1-chloropropane, 1-chloro- 
decane. benzylchloride, chlorobenzene. or even a solution of polyvinylchloride dissolved in a suitable solvent. The cor- 
responding bromine or lodne containing organic halides may also be used if desired. Prefen^ed organic halides are 
12 alkylchlorides having from 1 to 10 chlorine atoms. Particularly prefenred organic halides are methylchloride, methyl- 
ene chloride and chloroform. 

The quantity of organic halide enployed in the oxidation is suitably at least one equivalent based on halogen con- 
tent for each mole of metal compound to be oxidized. Large excesses of organic halide can also be used without detri- 
ment. Prefen^ed ratios of organic halide (equivalents based on halogen content: moles nrtetal compound) are from 1 :1 
to 10,000:1. preferably 1:1 to 100:1, most preferably 1:1 to 1.5:1. 

In order to assi^ in the handling of the metal conpounds employed In the present process corresponding to the 
formula MX^^. it may be beneficial first to form a solid adduct thereof t>y the use of a suitat^e coordinating agent 
according to wed known techniques in the art For example, whereas titanium tetrachlorkie is a fuming liquid which is 
difficult to handle, one may first form an adduct of T1CI4 with an ether, tertiary amine, tertiary phosphine or other basic 
nonprotic compound. The resulting solids may be more easily handled. A preferred coordinating adduct is tetrahydro- 
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furan. 

The reactions employed in preparing the metal complex may be conducts either heterogeneousty or homogene- 
ously. That is. the various reactants or the resulting product need not be substantially soluble in the solvent mixture. 
Generally the reactants are contacted under an Inert atmosphere Ibr a time from several minutes to several days. Agl- 

5 tation m^ be employed if desired. 

Suitable catalysts for use according to the present Invention are prepared by combining the metal coordination 
compound and activating cocatalyst compound in any order and in any suitable manner. Preferably the ratio of the coor- 
dination complex and cocatalyst on a molar basis is from 1 :0.1 to 1 :10.000. It will, of course, be appreciated that the 
catalyst system may also be formed in situ if the components thereof are added directly to the polymerization process 

10 and a suitable solvent or diluent, including condensed monomer, is used in said polymerization process. Suitable sol- 
vents include toluene, ethylbenzene, C5.10 alkanes and mixtures thereof. In certain cases the catalysts may be isolated 
from solution and retained under inert atrosphere prior to use. The catalysts' components are sensitive to both mois- 
ture and oxygen and should be handled and transfen'ed in an inert atmosphere such as nitrogen, argon, helium or 
under vacuum. 

IS Polymerizations using the catalyst of the present process are conducted according to known techniques for Ziegler- 
Natta or Kaminsky-Sinn type polymerizations. That is, the monomer(s} and catalyst are contacted at a temperature 
from -30*'C to 250''C. at reduced, elevated or atmospheric pressures. The polymerization is conducted under an inert 
atmo^here which may be a blanketing gas such as nitrogen, argon, hydrogen, or ethylene, or under vacuum. Hydro- 
gen may additionally be utilized in the control of molecular weight through chain termination as is previously known in 

20 the art. The catalyst may be used as is or supported on a suitable support such as alumina. MgCl2 or siltoa to provide 
a heterogeneous supported catalyst A solvent may be employed if desired. Suitable solvents Include toluene, ethylben- 
zene, and excess vinylidene aromatic or olefin monomer. The reaction may also be conducted under solution or slurry 
conditions, in a suspension utilizing a perfluorinated hydrocart>on or similar liquid, in the gas phase, that is, utilizing a 
fluidized bed reactor, or in a solid phase powder polymerization. A catalytically effective amount of the present catalyst 

25 and cocatalyst are any amounts that successfully result in formation of polymer. Such amounts may be readily deter- 
mined through routine experimentation by the skilled artisan. Prefen-ed amounts of catalyst and cocatalyst are those 
anK>unts that are sufflciem to provide an equivalent ratio of addition polymeria 1 x io''^:1 

to 100:1. preferably from 1 x 10®:1 to 500:1. most preferably 1 x 10^:1 to 1000:1. The cocatalyst is generally utilized in 
an amount to provide an equivalent ratio of cocatalyst:catalyst f rom 10,000:1 to 0.1:1. preferably from 1,000:1 to 1:1. 

30 It is to be understood that the metal complex may undergo various transformations or form intermediate species 
prior to and during the course of a polymerization. 

The resulting polymeric product Is recovered by filtering or other suitable technique. Additives and adjuvants may 
be incorporated in the polymers of the present invention in order to provide desirable characteristics. Suitable additives 
include pigments, UV stabilizers, antioxidants. k)lowing agents, lubricants, plasticizers. photosensitizers, and mixtures 

35 thereof. 

Preferably such polymers possess a Mw of greater than 13,000. more preferably greater than 20.000 and most 
preferably greater than 30,000. Also preferably such polymers possess a melt index (y, ASTM D-1238 Procedure A, 
condition E, of less than 125, more preferably from 0.01 - 100 and most preferably from 0.1 to 10. 

Prior to polymerization according to the present process, the monomers and solvents, if any, may be purified by 
40 vacuum distillation, and/or contacted with molecular sieves, silica, or alumina to remove impurities. In addition, reactive 
blanking agents, such as trialkylaluminum compounds, alkali metals and metal altoys, especially Na/K, may be used to 
remove impurities. Preferred operating conditions for such polymerization reactions are pressures from atmospheric to 
1000 atmospheres and temperatures from ZO^^C to 200°C. Polymerizations at temperatures above the autopolymeriza- 
tion temperature of the re^ective monomers may contain small amounts of homopolymer polymerization products 
45 resulting from free radical polymerization. 

Having desaibed the invention, the following examples are provided as further illustrative and are not to be con- 
strued as limiting. Unless stated to the contrary, parts and percentages are based on weight. 

Example 1 Preparation of 

50 rrert-butvtemidoklimethvlftetramethvt-nS^dopentffljienvltei^ [(IVIe4C5)SiMe2N^Bu]TiCl2 

In a drybox. 4.0 mL of 2.0 M isopropylmagnesium chloride in diethyl ether was syringed Into a 100 mL flask. The 
ether was removed under reduced pressure to leave a colorless oil. 20 mL of a 4:1 (by volume ) toluene:tetrahydrofuran 
(THF) mixture was added followed by 0.97 g of (tert-buty1arnino)dinfiethyl(tetramethytcyck)pent^ The sdu- 

sff tion was heat^ to reflux After 8-1 0 hours, a white precipitate began to form. After ref luxing for a total of 27 hours, the 
solution was cooled and the volatile materials were removed under reduced pressure. The white solid reskjue was slur- 
ried in pentane and filter^ to leave a white powder (1 .23 g, 62 percent yield) of Me4C5SiMe2N^uMg2Cl2(THF)2. 

In the drybox. 0.10 g of TiQ^iJHF)^ was suspended in 40 mL of THF. 0.138 g of solid 
Me4C5SiM02N'&iMg2Cl2fTHF)2 was added, resulting in a color change from pale blue to deep purple, signifying the 
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formation of the complex (tert-4xJtylamido)dimethyl(tetramethyl-ii^-cydopentadienyl)silanetltanium chloride. After stir- 
ring for 5 minutes. 0.17 mi of a 1 .56 M solution of methylenechloride in tetrahydrofuran was added. The color changed 
to bright yellow. After several minutes the THF was removed under reduced pressure. The product was recovered by 
extraction in pentane. Ihe yield was 70 percent The product's identity was confirmed as (tert-butylamido)dime- 
5 thyt(t6tramett^t)^-cyclopentadienyl)silanetitanium dichloride by NMR, (CeDg): 5 1.992 (s). 1.986 (s), 1.414 (s), 
0.414 (s). 

Polymerization of Stvrene/ Ethylene 

10 Polymerization of a styrene/ethylene mixture was accomplished by combining 1 .65 mL of a 1 0 percent solution of 
MAO in toluene with a solution of 45 mL of toluene and 50 mL styrene in a stainless steel shot tank. 250 ^L of a 0.010 
M solution of (ten-butylamtdo)dimethyl(tetramethyl-n^-cyclopentadienyl)silanetitanium dichloride was added to 2.5 mL 
of toluene in a second shot tank. Both shot tanks were sealed, removed from the glove box, and attached to a 600 mL 
stainless steel pressure vessel. The pressure vessel was evacuated and purged with argon. 

75 The styreneAotuene/MAO solution was added to the pressure vessel and warmed to 89^C under 620 kPa (90 psig) 
ethylene with stimng. At this time the catalyst solution was added and the pressure was increased to 1275 kPa (185 
psig) and regulated between 1240-1275Kpa (180-1 85 psig). An exotherm raised the temperature to 95*'C. The temper- 
ature was lowered to 90*^0 and was then regulated between 90-92''G for the remainder of the reaction. 

After 1 .0 hr. the ethylene feed was discontinued. The reaction was vented to the atmosphere and cooled to 30°C 

20 at which time methanol was added. The product was collected, washed with methanol and residual solvents were 
removed under reduced pressure at 120*^0 which resulted in 9.02 g of material. ^^C NMR analysis of this material 
showed it to be a random copolymer of styrene (1 5.2 percent on a molar basis) and ethylene, free of peaks attributed 
to polystyrene. 

25 (Qigfin Polymerization) 

Ethylene was polymerized by combining 5 mL of a 1 M solution of triethyl aluminum in mixed Ce alkane solvent and 

0. 5 mL of a 0.01 M solution of (tert-butylamido)dimethyl(tetramethyl-T|^-cyclopentadienyl)silanetitanium dichloride in tol- 
uene in a stainless steel (SS) shot tank. The titanium catalyst and triethyl aluminum cocataiyst solution was then added 

30 under pressure to a 3 L SS pressure vessel containing 2 L of mixed alkane solvent (Isopar^ E. available from Exxon 
Chemicals. Inc.) under 3100 kPa (450 psig) ethylene at 150°C. The reaction temperature was maintained at 150°C for 
10 minutes. The ethylene pressure was held constant, and a mass^low meter measured the upteke of ethylene to be 
1 5.7 g. The polymer solution was then removed from the pressure vessel and the polyethylene was recovered after dry- 
ing under reduced pressure at 90''C overnight. Yield was 15.7 g. 

35 

Example 8 

In a drybox. 0.20 g of TlCl3(THF)3 was suspended in 40 mL of THF. 0.277 g of solid 
Me4C5SiMe2N*BuMg2Cl2(THI=)2 ^vas added, resulting in a color change from pale blue to deep purple. After stimng for 
40 5 minutes, 0. 1 7 ml of a 1 .56 M solution of methylenechloride in tetrahydrofuran was added. The color changed to bright 
yellow over a period of one hour. The THF was removed under reduced pressure. The product was recovered by extrac- 
tion in pentane. The yield of the bright yellow (tertbutylamKlo)dimethyl(tetramethyl-n5-cyclopen1adienyl)8ilanetitanium 
dichloride was 0.144g 72.4 percent. 

45 Examples 

In an inert atmosphere glove box a 100 ml flask was loaded with 0.100 g of TiCl3(THF)3 and 20 ml of THF To the 
resulting slury was added soiki [MgCI]2[Me4C5)SiMe2N^Bu](C2H50)2 (0.124 g). using an additional 10 ml of THF to 
wash the solid into the reaction flask. The mixture was stirred for 5 minutes followed by the addition of 1 equivalent of 
so decyt chloride (0.048 g). The reaction was then stirred for 1 .75 h. The THF was removed under reduced pressure and 
the product was extracted using pentane and filtered. The pentane was also removed under reduced pressure and the 
product dried undo- reduced pressure. The resulting oxkiation product. [(Me4C5)SiMe2N*BurnCl2. was klentified by ''H 
NMR analysis 

55 Claims 

1 . A process for preparing a metal coordination complex corresponding to the fornrula: 
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Cp* - 



\ 



Y 



(X) 



n 



wherein: 



M is a metal of Group 4, or the Lanthanide Series of the Periodic Table of the Elements; 

Cp* is a substituted cyclopentadlenyl group n-bound in an bonding mode to M; 

Z Is a moiety comprising boron, or a member of Group 14 of the Periodic Table of the Elements, and optionally 
sulfur or oxygen, said moiety having up to 20 non-h^rogen atoms, and optionally Cp* and Z together form a 
fused ring system; 

X independently each occurrence is an anionic ligand group having up to 30 non-hydrogen atoms; 
n is 1 or 2 depending on the valence of M; and 

Y is an anionic ligand group bonded to Z and M comprising nitrogen, phosphorus, oxygen or sulfur and having 
up to 20 non-hydrogen atoms, optionally Y and Z together form a fused ring system; 
the steps of the process comprising: 

(A) contacting a metal compound of the formula MXp+i. or a coordinated adduct thereof witii a dianionic 
salt compound corresponding to the formula: 



L is a metal of Group 1 or 2 of the Periodic Table of the Elements, 
X" is bromo, chloro or iodo, 

X and y are either 1 or 2 and the product of x and y equals 2. and 
M. X, Cp*. Z, and Y are as previously defined; 

(B) contacting tiie resulting complex with an organic, halide selected from the gro^> consisting of methyl 
chloride, methylene chloride, chloroform, 1,1,1-trichloroethane, tetrachloroetfiylene, 1-chloropropane, 1- 
chlorodecane. benzylchloride and chlorobenzene under reaction conditions suitable to raise the oxidation 
state of the metal and incorporate only the halogen ligand of the organic halide into the complex; and 

(C) recovering the resulting product. 

A process according to daim 1 wherein the metal, M, is titanium or zirconium. 

A process according to daim 1 wherein the organic halide is a C1.12 alkylohlorlde having from 1 to 10 chlorine 
atoms. 

A process according to daim 3 wherein the organic halide is metiiylchloride. methylene chloride or chlorofbmi. 



{L«)y{Cp*-Z.Y) 



•2 



or 



((l-X")*')y(Cp*-Z.Y)' 



wherein: 
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PatentansprQche 

1 . Verfahren zur Herstellung eines Metallkoordinationskomplexes entsprechend der Formel: 




\ 



worin: 

M ein MetaJI der Qruppe 4 cxier der Lanthanidenreihe des Periodensystems der Elemente ist; 

Cp* eine substituierte Cyclopentadienylgruppe ist, die Qber einen ii^-Bindungsmodus an M n-gebunden Ist; 

Z eine Bor Oder ein Element der Gruppe 14 des Periodensystems der Elemente und gegebenenfalls Schwefel 
Oder Sauerstoff umfassende Komponente ist, wobei die Kbmponente bis zu 20 Nicht-Wasserstoffatome 
umfaBt und gegebenenfcills Cp* und Z zusammen ein kondensiertes Ringsystem bikJen; 

X unabhangig be! jedem Auftreten eine anionische Ligandengruppe mit bis zu 30 Nicht-V\^erstoffetomen ist; 

n in Abhangigkeit von der Valenz von M 1 Oder 2 ist; und 

Y eine anionische Ligandengruppe ist, die an Z gebunden ist und M Stickstoff. Pliosphor, Sauerstoff Oder 
Schwefel umfa3t und bis zu 20 Nicht-Wasserstoffatome enthditt wobei Y und Z gegebenfalls zusammen ein 
l«>ndensiertes Ringsystem bikJen; 
wobei die Schritte des Verfahrens umfassen: 

(A) in Kbntakt bringen einer Metallverbtndung der Formel MX„^i Oder eines koordinierten Addukts davon 
mit einer dianionischen Salzverbindung entsprechend der Formel: 

(L*")y{Cp*-Z-Y)-2 

Oder 

{(LX^*^)y(Cp*.Z.Y)■^ 

worin: 

L ein Metall der Gruppe 1 Oder 2 des Periodensystems der Elemente ist. 
X" Brom, Chlor Oder lod ist. 

X und y entweder 1 oder 2 sind und das Produkt von x und y gleich 2 ist und 
M, X, Cp^ Z und Y wie vorstehend definiert sind; 

(B) in Kontakt bringen des resultierenden Kbnplexes mit einem organischen Haiogenid. ausgewdhit aus 
der Gruppe. be^ehend aus Methylchlorid. Methylenchlorid. Chloroform. 1.1.1-Trichlorethan. Tetrachlore- 
thylen. 1-Ch!orpropan, 1-Chlordecan, Benzytchlorid und Chlorbenzol, unter Reaktionsbedingungen, die 
geeignet sind, urn den Oxidationszustand des Metalls zu erhdhen und nur den Halogentiganden des aga- 
nischen l-lalogenlds In den Kbmplex einzufQhren; und 

(C) Gewinnen des resuttierendoi Produkts. 

2. Verfahren nach Anspruch 1 , worin das Metall M Titan oder Zirkonium ist. 
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3. Verfahren nach Anspruch 1 , worin das organische Halogenid ein Ci.i2-Alkylch(orid mit 1 bis 1 0 Chloratomen ist 

4. Verfahren nach Anspruch 3. worin das organische Halogenid Methylchloridp Methylenchlorld Oder Chloroform ist 
5 Revendlcations 

1 . ProG6d6 pour preparer un complexe de coordination m6talllque correspondant k ia formula: 



10 



IS 



40 



45 



Z - Y 

/ / 
Cp* - M 

\ 

(X)n 



dans laquetle: 



M est un m^tal du Groupe 4 ou de la s6rte des lanthanides du Tableau P^rlodique des El^ents; 
Cp* est un groupe cyclopentadi^nyle substitu6 116 par liaison de type d M; 
20 Z est un groupe comprenant du bore, ou un 6l6ment du Groupe 14 du Tableau P6riodique des Elements, et 

dventuellement du soufre ou de Toxygdne, ledit groupe ayant jusqu*^ 20 atomes diff6rents de lYiydrogdne, et 
6ventueilement Cp* et Z torment ensemble un syst^me d cyde condens6; 

chaque X est Ind^endamment un groupe ligand antonique ayant jusqu*^ 30 atomes diff^rents de l*hydrog§ne; 
n vaut 1 ou 2 selon la valence de M; et 
25 Y est un groupe ligand anionique Ii6 d Z et d M comprenant de I'azote, du phosphore. de I'oxyg^ne ou du soufre 

et ayant jusqu*^ 20 atomes diff brents de lliydrog^ne. 6ventueilement Y et Z torment ensemble un systems k 
cycle condens6; 

les 6tapes du proc§d6 consistant: 

30 A) k mettre en contact un compost m^tallique de formute MXp+i ou un de ses produits d*addition et de 

coordination avec un compost de sel dianionique correspondent k la fomiule: 

(L*'^)y(Cp*.Z.Y)-2 (II) 

35 OU 

((LX")*'')„(Cp*-Z-Y)-'^ (III); 



dans laquelle: 

L est un m^tal du Groupe 1 ou 2 du Tableau P^riodique des Elements, 

X** est bromo, chloro ou iodo, 

xety valent 1 ou2etleproduitdexety est6gald2, et 

M, X. Cp*. Z et Y sont tels que ddfinis pr^cMemment; 



B) k mettre en contact le complexe resultant avec un halog§nure organique choisi dans le groupe form6 
par le chlorure de m^thyle, le chlorure de m^thyl^ne. le chloroforme, le 1 .1 ,1 -trlchloro^thane. le t^achlo- 
ro6thyl6ne. le 1-chloropropane. le 1-chlorod6cane, le chlorure de benzyle et le chlorobenz^ne dans des 
conditions de reaction appropri^es afin d'6lever i'tot d'oxydation du m6tal et de n'incorporer que le ligand 

so halog^6 de i'halog^nure organique dans le complexe; et 

C) k r6cup6rer le produit r^uttanl 

2. Proc6d6 selon la revendication 1 , dans lequel le mdtal. M, est le titane ou le zirconium. 

65 3. Proc^6 selon la revendication 1 , dans lequel lYialogdnure organique est un chlorure d'alkyle en C^ & C^g ayant 1 
k 10 atomes de chlore. 



4. Proc^6 selon la revendication 3, dans lequel i'halog^nure organique est le chlorure de mdthyle. le chlorure de 
m^thyl^ne ou le chloroforme. 
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